Objective: To estimate vitamin D intakes in a representative sample of Irish adults and to assess the contribution of foods to these intake estimates. Design: Vitamin D intakes in 1379, 18-64-y-old adults from the North/South Ireland Food Consumption Survey were estimated using a combination of new analytical data for vitamin D in foods, determined by HPLC, and used to revise recipe calculations, together with existing data from McCance and Widdowson's The Composition of Foods, 5th Edition plus supplements. Results: The total mean daily intake (MDI) of vitamin D (1 mg ¼ 40 IU) from all sources was 4.2 mg. The MDI was significantly higher (Po0.001) when the contribution from nutritional supplements was included (4.2 mg) compared with food sources only (3.2 mg). Men had significantly higher intakes (4.4 mg) than women (4.0 mg; Po0.001), which increased significantly (Po0.001) with age in both sexes. Meat/meat products (30.1%), fish/fish products (14.3%) and eggs/egg dishes (9.1%) were the main contributors to vitamin D intake. Supplements contributed 6.8 and 12% to MDI in men and women, respectively. In all, 74% of adults had an MDI of vitamin D that was less than the median (5 mg) of the recommended daily range of 0-10 mg. Conclusion: The findings of this study suggest that a large number of Irish adults have low vitamin D intakes. This, along with emerging evidence of low vitamin D status in at least some population subgroups, suggests that strategies to increase vitamin D intakes, including fortification of food, should be investigated.
Introduction
Vitamin D is the major regulator of calcium metabolism and hence is an important determinant of bone health Van Leeuwen et al, 2001) . Prolonged and severe vitamin D deficiency leads to rickets in children and osteomalacia in adults (Compston, 1998) , and less severe vitamin D deficiency causes secondary hyperparathyroidism, increases bone turnover and bone loss, mainly from cortical sites such as the femoral neck (Parfitt et al, 1982; Lips et al, 1982 Lips et al, , 1987 Ooms et al, 1995; .
In humans, vitamin D is obtained primarily through cutaneous biosynthesis in the presence of UVB sunlight hence season is the most important determinant of vitamin D status (Stamp & Round, 1974) . Thus, vitamin D status is highest in Northern European populations around late summer (August-September) and lowest around late winter (February-March) (Lester et al, 1977; McKenna, 1992) . In Northern Europe, including Ireland (latitude 40-601N), sunlight is too weak during the months of October to March to stimulate cutaneous vitamin D synthesis (Webb et al, 1988) . Contrary to expectations, recent evidence also suggests that lower median 25-hydroxyvitamin D levels (25-OH-D, the most commonly used marker of vitamin D status) were observed in southern European countries than in northern European countries during winter months (van der Wielen et al, 1995; Lips et al, 2001) . Dietary intakes of vitamin D can make a significant contribution to vitamin D status, depending on food choice and particularly when sunlight is limited (Parfitt et al, 1982) . Evidence of low vitamin D status in European populations following winter, regardless of geographical location, creates an increased reliance on dietary sources to help maintain adequate vitamin D status. However, Van der Wielen et al (1995) indicated that the usual dietary vitamin D intake in Europe is not sufficient to maintain adequate vitamin D status during wintertime.
There are very few natural sources of vitamin D that are commonly consumed in Ireland. Earlier analysis of the North/South Ireland Food Consumption Survey (NSIFCS) for vitamin intakes (O'Brien et al, 2001 ) estimated that the mean daily intake (MDI) of vitamin D was 3.7 mg in adult men and women (aged 18-64 y) from all sources, including nutritional supplements. These intake data show that a considerable portion of Irish adults have very low dietary intakes of vitamin D and are largely dependent on sunlight to maintain adequate vitamin D status. Other studies have also reported suboptimal vitamin D intakes and status in European adults (Van Der Wielen et al, 1995; Rasmussen et al, 2000; LambergAllardt et al, 2001; Andersen et al, 2003; Henderson et al, 2003 , and see review by Ovesen et al, 2003) .
The recently developed technique to detect 25-OH-D, an important metabolite of vitamin D, in foods using a HPLC method (Chan et al, 1995a, b) was a significant breakthrough in analytical techniques, as 25-OH-D is five times more biologically active than either vitamin D 3 (cholecalciferol; the naturally occurring form derived from animal sources) or vitamin D 2 (ergocalciferol; the less-abundant form of the vitamin which is primarily derived from plant origins) (Reeve et al, 1982) , and in recent times, 25-OH-D values have been incorporated into the UK tables of food composition (Holland et al, 1995) . Not withstanding these recent improvements in vitamin D compositional data, there are still a lot of uncertainties as to the vitamin D content of some foods from food composition tables, either because vitamin D has not been analysed or because values have not been updated. Some foods contain vitamin D in significant quantities but there is no reliable information available on their content.
The aims of the current study were: (1) to update the existing food composition data for vitamin D using recently published analytical data for vitamin D (Matilla, 1995; Matilla et al, 1997 Matilla et al, , 2002 as well as new analytical data for several commonly consumed foods, including fish and fish products, meat and poultry, dairy products and mushrooms, (2) to use these data to calculate the MDI of vitamin D in Irish adults, including assessment of the main food contributors to intakes, and (3) to compare these new intake values with previous estimates obtained by O'Brien et al (2001) , which relied on compositional data from McCance and Widdowson's The Composition of Foods, 5th Edition (Holland et al, 1995) and supplemental volumes (Chan et al, 1994 (Chan et al, , 1995a (Chan et al, , b, 1996 Holland et al, 1988 Holland et al, , 1989 Holland et al, , 1991 Holland et al, , 1992 Holland et al, , 1993 Holland et al, , 1996 .
Methodology

Survey sample
The food intake data in this study were taken from the NSIFCS (Irish Universities Nutrition Alliance, 2001). The NSIFCS was a cross-sectional study carried out in a nationally representative sample of the Irish adult population, aged 18-64 y. The sampling and recruitment procedures are described in full by Kiely et al (2001a) . Briefly, in the Republic of Ireland, the sample was randomly selected from the electoral register using a validated two-stage clustered design called 'RANSAM' (Whelan, 1979) , which produced a self-weighting or 'epsem' sample of individuals, where each adult who was registered to vote had an equal opportunity of being selected. In Northern Ireland, a two-stage random sampling procedure was also used with the electoral register as the sampling frame. To ensure representation by every sector in the community, the sample was stratified by urban/rural and an index of material deprivation. The recruitment procedure was the same North and South. An introductory letter including an information leaflet was sent to each individual who had been selected and this was followed up by a visit from a fieldworker, who invited participation to the study. The only exclusion criteria were pregnancy and lactation. The response rate, which is the percentage of the total number of people who completed a 7-day diary (n ¼ 1379) out of the total eligible sample (n ¼ 2177), was 63%. Nonrespondents and dropouts were 34 and 3%, respectively, of the total eligible sample. The sample was found to be representative of the population using the most recent Census data from the North and South in terms of sex and age profile, geography, marital status, education and social class. Data on sex, age group and geographical location were collected from nonresponders and there were no apparent differences with the study sample. Two seasons were defined, namely winter (October-March) and summer (April-September).
Dietary assessment method
Food and beverage intake data were collected using a 7-day estimated food diary, and precise details on the methods used are available . Each of the 1379 respondents was visited 4 times during the recording week by a nutritionist: to train the respondent in keeping the diary, to check for completeness in recording food and drink consumption, to clarify details regarding specific food descriptors and quantities and to encourage completion of the study. Data were also collected on the time of each eating/drinking occasion, the respondent's definition of each eating/drinking occasion (eg morning snack, lunch etc) and the location of the preparation or source of the meal or snack consumed (eg home, work, take-away etc). Selfadministered questionnaire data were also obtained on sociodemographic factors and health and lifestyle parameters.
On the basis that different foods are best quantified using different methods and some methods of quantification are more precise than others, a hierarchical approach to food quantification was used as follows: (1) the researcher weighed the respondent's typical portion of certain foods and beverages, particularly those that were most commonly consumed (eg ready-to-eat breakfast cereals, homemade bread), (2) a photographic food atlas was developed for the survey (Robson, 1997) , which contained 60 photographs of foods commonly consumed in Ireland, (3) food labels, (4) a data set of average portions of certain foods (eg sliced meats, takeaway foods) which was compiled by the research team, (5) Food Portion Sizes (Ministry of Agriculture, Fisheries and Food (MAFF), 1997), (6) household measures and (7) estimated portion sizes based on the researcher's knowledge of the respondent's eating patterns (infrequently used).
Vitamin D intakes were estimated using WISP r nutritional analysis software (Tinuviel Software, Warrington, UK), which included McCance and Widdowson's The Composition of Foods, 5th Edition (Holland et al, 1995) and supplemental volumes (Holland et al, 1988 (Holland et al, , 1989 (Holland et al, , 1991 (Holland et al, , 1992 (Holland et al, , 1993 (Holland et al, , 1996 Chan et al, 1994 Chan et al, , 1995a Chan et al, , b, 1996 . An additional 993 food codes were added to this database to include new food products, recipes, nutritional supplements and manufacturer's data for generic Irish foods that were commonly consumed. The food consumption database generated from the survey listed each individual food item as consumed by each respondent, together with the nutrient composition for the quantity of each food consumed. Overall, 3060 different foods were recorded as consumed. Use of nutritional supplements was assessed in the food diary and double-checked in a separate questionnaire. Vitamin D was mainly obtained from multivitamins and fish/cod liver oil. The mean vitamin D intake from nutritional supplements by male (n ¼ 74) and female (n ¼ 133) users of vitamin D-containing supplements within the group was 4.8 and 4.2 mg/day, respectively (Kiely et al, 2001b) .
Vitamin D content of foods
The vitamin D content of 61 food codes from McCance and Widdowson's The Composition of Foods, 5th Edition (Holland et al, 1995) were revised based on analysis of 13 selected foods and recipe calculation of a further 48 foods. These foods were principally listed in the food composition tables as having a vitamin D content of N (ie, contains a significant amount of vitamin D, but no reliable information is available), but were considered important on the basis of the frequency of their consumption in the North/South Ireland Food Consumption database.
Selection of foods for vitamin D analysis. The food codes that were selected for chemical analysis included four homogenates of fat spreads (% of homogenate based on market share) and two individual branded spreads (ie six spread samples in total), fresh cod, a sample of white button mushrooms and one composite sample of three of each of the following products: premium ham, cooked ham, sliced turkey and chicken (grilled or fried) in breadcrumbs.
Mushrooms and recipes that contained mushrooms were selected as recent reports show that certain species of mushrooms are a good source of vitamin D 2 (Matilla, 1995; Mattila et al, 2002) . Cod may contain significant amounts of vitamin D 3 depending on geographical location (Matilla et al, 1997) . Vegetable fat spreads were included as the vitamin D content of many spreading fats on sale in Ireland is unknown. The selection of vegetable fat spread brands to be analysed was based on market research data together with the frequency with which these spreads were consumed, based on the food consumption survey database.
Preparation of samples for vitamin D analysis. Vegetable fat spreads were purchased from a supermarket and were refrigerated at 41C until preparation. Four homogenate spread mixes were prepared using different brands of spread and two branded samples were prepared for analysis. Before sample preparation spreads were placed on a bench (201C) for 3 h to reduce hardness. For sample preparation, a 20-min mixing period was used. Samples were transferred to a blender on full power for 45 s to ensure a homogenate mix and 2 Â 250 g portions were taken and stored in 500 ml containers at 41C. Two samples were not subject to manual mixing or blending and were prepared by taking 2 Â 250 g portions from the packs. These samples were also stored at 41C in 500 ml containers. The spreads were exported in plastic containers at room temperature. All other samples were exported vacuum packed on ice. At least 200 g of each sample were dispatched for analysis of vitamin D 3 , except for mushrooms, which were analysed for vitamin D 2 . Spreads were analysed for both vitamin D 2 and D 3 .
Vitamin D 2 and D 3 analysis. Samples were analysed in duplicate by Eclipse Laboratories, Cambridge, UK (UKAS accredited AM/C/723). The test sample and internal standard were cold saponified with ethanolic potassium hydroxide solution and the unsaponified fraction was separated by extraction into hexane. Following a solid phase clean up the test sample was concentrated and injected onto a semipreparative HPLC column. The fraction of the eluent containing the vitamins was collected. The eluent was evaporated to dryness and dissolved in methanol. The vitamin D was separated using reverse-phase HPLC with UV detection at 265 nm. The concentration of vitamin D 2 and D 3 were determined against vitamin D 2 and D 3 internal standards of known concentration. Owing to the sensitivity of vitamin D to UV light, amber glassware was used for the procedure.
Vitamin D content of foods from recipe calculation. In total, the vitamin D content of 48 recipe foods was updated on the basis of the new analytical data, for example, cod, mushroom and chicken recipes (including chicken burger, chicken kiev and chicken goujons). Revised vitamin D data for the Big Mac s and Quarter Pounder burgers were derived from recipe information using minced beef as the source of vitamin D. For retail cakes, pastries and buns the new vitamin D values were derived using analytical data from the margarines and reanalysing recipes including eggs.
Statistical analysis
Data editing and statistical analysis of the data were conducted out using SPSS r for windowst Version 10.0. (SPSS Inc., Chicago, IL, USA). The 3060 individual foods that were listed as consumed in the survey database were aggregated to 68 food groups and the per cent contribution of each of these food groups to vitamin D intakes was calculated on an individual basis. Vitamin D intakes were not normally distributed. Therefore, differences in means of vitamin D intakes between men and women in the three different age categories as well as between men and women of all ages, and differences in intakes between seasons were compared using Mann-Whitney tests. Wilcoxon tests were used to test for differences within groups, between vitamin D intake from food sources only and from all sources including nutritional supplements. Differences between age groups within each sex were evaluated using the Kruskal-Wallis tests. The relationship between vitamin D intake and age was investigated using a linear regression analysis.
Results
Vitamin D content of foods
The vitamin D content of 13 foods, estimated by chemical analysis, are shown in Table 1 .
Vitamin D intakes
Mean daily vitamin D intakes for the total population were significantly higher (Po0.001). when the contribution from nutritional supplements was included (4.2 mg) than from food sources only (3.2 mg). However, only 15% of subjects were consumers of vitamin D-containing supplements and the MDI in these consumers was substantially higher (Po0.001) including the contribution from supplements (7.1 mg) than from food sources only (3.4 mg).
Mean daily vitamin D intakes from all sources and from food sources alone increased significantly (Po0.001) with age in both men and women (Table 2) . Linear regression analysis showed that a weak but significant correlation existed between vitamin D intake and age (r ¼ 0.189 for MDI from all sources; Po0.001). Men had significantly higher intakes (4.4 mg/day) of vitamin D (from all sources including nutritional supplements) than women (4.0 mg/day) (Po0.001) ( Table 2 ). This was also true between men and women aged 18-35 y and 36-50 y (Po0.001), but not the 51-64-y olds. When supplements were excluded from the analysis, vitamin D intakes were significantly higher (Po0.01) in men (3.7 mg/day) than women (2.8 mg/day) of all ages and each of the age categories (Table 2) . When vitamin D intakes were expressed per 10 MJ, the MDI was significantly higher (Po0.001) in women (5.43 mg/10 MJ) than men (4.37 mg/10 MJ). This was also true between women and men aged 18-35 y and 51-64 y (Po0.01), but not the 36-50-y olds (data not tabulated).
Adequacy of intakes
There is no single RDA for vitamin D but a range of between 0 and 10 mg/day has been set for Irish adults depending on sunlight exposure (Food Safety Authority of Ireland (FSAI), 1999). Out of a total of 1379 respondents, 1026 (74%) had a vitamin D intake (from all sources) less than the median (5 mg) of the recommended daily range. This figure increased to 1156 (84%) when intakes from supplements were excluded. In addition, 46 out of 1379 respondents (3.3%) had a mean daily vitamin D intake o1 mg from all sources. Both the US Food and Nutrition Board and the FAO/WHO expert group on human vitamin and mineral requirements (1998) suggest that 10 mg/day is required for those aged 51-70 y (Food and Nutrition Board, Institute of Medicine, 1997) and 51-65 y (FAO/WHO, 1998), 
Seasonality of intakes
Mean daily vitamin D intakes were significantly higher (Po0.05). in men in winter (4.6 mg) than in summer (4.1 mg) (Table 3) . Similarly, men aged 51-64 y had significantly higher (Po0.05) vitamin D intakes in winter (5.5 mg/day) than in summer (4.6 mg/day) but this was not observed in men below 50 y of age. There was no significant effect of season on vitamin D intakes in women (Table 3) .
Food sources
Meat and meat products (30.1%),. fish and fish products (14.3%) and egg and egg dishes (9.1%) were the main contributors to vitamin D intake in the total population (Figure 1 ). Beef (including beef dishes) (6.9%) was the main meat group contributing to vitamin D intake. Spreading fats (including butter) contributed 8.3% to the MDI of vitamin D. There were significant differences (Po0.001) between men and women in the % contribution of meat and meat products, eggs and egg dishes, nutritional supplements and breakfast cereals to the MDI of vitamin D (Figure 1 ). Meat contributed 34% in men and 26% in women while nutritional supplements contributed 6.8% in men and 12% in women to vitamin D intakes. Vitamin D from 'other foods' was mainly obtained from breads, savouries, puddings and chilled desserts. 
Vitamin D intakes in Irish adults TR Hill et al
The per cent contribution of meat and meat products to vitamin D intake decreased significantly (P ¼ 0.001) with increasing age category in women (29.1, 26.6 and 22% for 18-35-, 36-50-and 51-64-y olds, respectively) while in men it was significantly lower in the 36-50-y-old and 51-64-y-old age categories (31.8 and 29.0%, respectively) compared with the 18-35-y-old age category (39.6%). The per cent contribution of fish and fish products increased significantly (Po0.05) with increasing age category in both men (12.0, 16.3 and 19.6% for 18-35-, 36-50-and 51-64-y olds, respectively) and women (11.8, 14.4 and 17.1% for 18-35-, 36-50-and 51-64-y olds, respectively).
Discussion
In the present study, mean daily vitamin D intakes of Irish adults (18-64-y old) were 4.2 mg from food and supplements and 3.2 mg from food only. An earlier, less comprehensive analysis of the North/South Ireland Food Consumption Survey for vitamin D intake (O'Brien et al, 2001) , which relied solely on McCance and Widdowson's The Composition of Foods, 5th Edition for data on vitamin D levels, estimated that the MDI was 3.7 mg in adult men and women (aged 18-64 y) from all sources, including nutritional supplements. This evidence of a negative bias in the estimation of intakes due to outdated composition data highlights the ongoing need for use of current analytical data for vitamin D in the estimation of intakes of this nutrient.
The problem with establishing appropriate Dietary Reference Values (DRVs) for vitamin D has been a long-standing one. Determining the amount of vitamin D provided by sunlight is difficult. For this reason, the RDA range of 0-10 mg/day was established for the Irish population (FSAI, 1999) . In the UK, there are no Reference Nutrient Intakes (RNIs) for vitamin D in adults aged 18-64 y based on a lack of evidence to suggest that this age group relies on dietary vitamin D intake to maintain adequate vitamin D status (Department of Health (UK DOH), 1998). However, in the US, the adequate intakes (AI) for adults aged 19-50 and 51-70 y are 5 mg and 10 mg/day, respectively. Similarly, the FAO/ WHO expert group on human vitamin and mineral requirements also recommends an intake of 5 and 10 mg/day for adults aged 19-50 and 51-65 y, respectively (FAO/WHO, 1998) . The median vitamin D intakes (from all sources) in the current study in men (3.3 mg/day) and women (2.6 mg/ day) suggest that at least 50% of Irish adults have a low dietary intake of vitamin D relative to these recommendations. These low intakes are consistent with vitamin D intakes from other European countries (Van der Wielen et al, 1995; Rasmussen et al, 2000; Henderson et al, 2003 ; and see review by Ovesen et al, 2003) . Furthermore, studies from the US (Vieth, 1999) and Australia (Nowson & Margerison, 2002) also show low dietary vitamin D intakes among healthy adults.
The current study showed that vitamin D intake increased with age in both men and women, which agrees with the findings of the National Diet and Nutrition Survey of British adults (Henderson et al, 2003) . This observation in the current study is primarily due to the increased consumption of fish and liver and the more widespread use of vitamin Dcontaining supplements among older adults. Vitamin D supplements are often prescribed for medical conditions, such as secondary hyperparathyroidism, renal insufficiency and osteoporosis. In the present study, while the prevalence of secondary hyperparathyroidism and renal insufficiency was not recorded, the prevalence of diagnosed osteoporosis , 1997) to help counteract the slower rate of skin production with age, and thus to maintain adequate serum levels 25 (OH) D for bone health. In the current study, the MDI of vitamin D from all sources in 51-64-y-old men and women (5.1 mg/day) fell short of this recommendation and 89% of 51-64-y-old adults failed to reach 10 mg. Moreover, Glerup et al (2000) reported that vitamin D supplementation with 10 mg/day was insufficient to prevent wintertime hypovitaminosis D, while Dawson-Hughes et al (1997) reported that at least 20 mg/day are required to prevent osteoporosis. In the present study, only 2.4% of the subjects had an intake of 20 mg/day. The significance of these low intakes for vitamin D status and bone health in Irish adults is unknown. Preliminary results show that hypovitaminosis D is common in 50-70-y-old (Hill et al, 2002 (Hill et al, , 2003 and 70-75-y-old Irish women during late winter/ early springtime. For example, 30% of a group of 50-70-y-old Irish women had suboptimal vitamin D status (defined as serum 25-OH-D levels below 40 nmol/l) during winter time (Hill et al, 2003) , while 39 and 50% of a group of 70-75-y-old and 11.5-13.5-y-old Irish females, respectively, had suboptimal vitamin D status during winter time . Although there was a significant effect of season on vitamin D intake (from all sources) in men in the current analysis, with higher mean intakes in winter (4.6 mg/day) than summer (4.1 mg/day), this increase was modest, and not enough to help counteract the profound lack of sunlight during winter time, in maintaining an adequate vitamin D status. Therefore, dietary sources of vitamin D are particularly important during the winter period when there is no cutaneous production of the vitamin (Webb et al, 1988) . It has been suggested that the magnitude of the seasonal fluctuation in serum 25-OH-D is smaller in North America and Scandinavia than in other European countries (McKenna, 1992) . This is likely to be primarily due to the fortification of foods in the US and, possibly, the widespread consumption of fatty fish (an excellent source of vitamin D) by residents of Scandinavian countries (Lund & Sørensen, 1979; Matilla, 1995) , which would increase body stores of vitamin D to help maintain adequate status during the winter.
The present study showed that meat and meat products were the main food group contributing to vitamin D intake in the total population (30.1%) and that in countries where fortification of foods with vitamin D is not widespread, meat could be a significant source. However, in countries where oily fish is consumed on a widespread basis (Lund & Sørensen, 1979; Matilla, 1995; Morabia et al, 2000) or where certain foods are fortified (eg margarines and spreads in Finland; Matilla, 1995) , meat is not a primary source of vitamin D. However, the fortification of spreading fats with vitamin D is not very common in Ireland. This study showed that spreading fats (excluding butter and margarine) contributed just 4% to vitamin D intake for the total population. In the UK, spreading fats (excluding butter and margarine) contribute 13% to vitamin D intake for the total population (Henderson et al, 2003) , which may suggest more widespread fortification of spreads with vitamin D in the UK.
Consumption of vitamin D-containing supplements was estimated at B15% from the North/South Ireland Food Consumption Survey (Kiely et al, 2001b) . The per cent contribution of supplements to vitamin D intake was about twice as high in women (12%) as in men (6.8%). Similarly, the National Diet and Nutrition Survey of British adults (Henderson et al, 2003) showed that nutritional supplements contributed about 24% in women and 12% in men to the MDI of vitamin D, which demonstrates that supplements are an important source of vitamin D, especially for women. Although the use of vitamin D-containing supplements increased with age in both men and women, intake at the 95th percentile in older men (14.9 mg) and women (15. 
Conclusion
The vitamin D intake estimate from this study shows that most Irish adults have very low intakes of vitamin D. This, along with emerging evidence of low vitamin D status in some population groups in Ireland (Hill et al, 2002 (Hill et al, , 2003 Andersen et al, 2003) suggests that strategies to increase vitamin D intake such as the fortification of food, should be investigated.
